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(57) Abstract: 

PROBLEM TO BE SOLVED: To maintain an amount of 
oil stored in the dome of a low stage compressor with- 
out being influence by the operation state of a com- 
pressor. 

SOLUTION: High and low stage compressors 8 and 4 
are interconnected through a second cooling oil circuit 
62 having a second air-cooled heat-exchanger HEX2 
and a third cooling oil circuit 63 having a third air- 
cooled heat-exchanger HEX3. Cooling oil in the dome 
of the high stage compressor 8 Is supplied to the mid- 
dle of compression of the compression chamber of the 
low stage compressor 4 to cool middle pressure he- 
lium gas. The cooling oil flows through a third cooling 
circuit 63 and after it is cooled by the third air-cooled 
heat-exchanger HEX3, it is returned to the rear stage 



compressor 8 to cool the compression motor. Mean- 
while, the low stage compressor 4 is provided with a 
first cooling oil circuit 61 having a first oil pump 45 and 
the first air-cooled heat-exchanger HEX1. A pressure 
switch PS is arranged at the first cooling oil circuit 61 
and the decrease of cooling oil in the dome of the low 
stage compressor 4 is detected by operation of a pres- 
sure switch PS. 
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3£«SSS (34) (02<kmtim2 J -T^JS^tm (33) «02 

}i?ffl!is-igTggiJ-Tf?ft^}fifi (32) <r>2<xmizmm^ 
ti, zcof^iJ-r^jmn (32) <7)2<xmuyu^i^ 

r/HS-ff (42) ^:rt-LTffi^flSi- .y h (1) tfOiSEE;^ 
XtRAP (2) tC«i^$ixTV^|>, 
[0 0 28] •f=5:t>^>, J-TlHlSS (31) {i'v.'J'^Aie 
(40) , 7U^v'7';I^El= (35,42) , fSEffi'g 

(3) , mi±mm (4,8) xt/f j-TfflSBEiB'g (is) 
(40) <r)?&aja5 (41) Tm^ms ao) ^tj^bilthsb 

t/c^';'>A;{fXS-|g3~|glJ-TSi3S^§g (34-3 
2) <7)«•2»:IB!lSrJiLTffiSffl&l^'i^^ff^^a (4,8) 
(=®AfEiBSi-|.. zcri^'Smsmm (8) iciO 
BEiffi? iiJt ^E'^ li A;<f ;^ Srig 1 ~|| 3 tfO J - 
Its (32-34) l;:fcv^T. <aKfflEiffi« (4) 

l^WA'm2^?^S (36,37) X'^tl^iX>-Vyy (24) 
<0|gl^ll^Sg2t-hXT— v-ay (29,30) TJ^iPL 
Jtm, J-T#(38) fi^-i-ZP- hAVi'iSSS^-ti-T 

'sy-^Aiet (40) oj^aia? (41) ^tm&xoiz^j:^ 



10 0 2 9] m^^x. ^wM<r>mmtti>immz'o\^ 
xmont?>t. ism^m^m^ (9) (^&mi. 

(64a) , 3}-u:7-fx (64b) m>'m4m%m^^ 

(HEX4) SriE^L7tll4/^ai»|5IJ?S (64) iitLXM^ 

msmm (s) <oFs>f yi^'x^v-gy-'K-KcSiBE^ 

ixxno. tam^'n-mn (9) T"^'j'>A;yx*><i>^i-ii 

(8) <?)ffiss^<^ffin^tfc«*&trv^s. 
[0030] ±ssmfiRwm<r>m^m.^ (9, ii ) 
tmi-hm3i%mm^ (63) (oms^i^^^iis m 
)G) iotffigwffisaia (4) &uzm2imLwm (6 

6) 5r1>LT«^$ixTV^S. C:<7)m2?ftMLie'i= (6 
6) i±i!^m^ (9.11) ffl!)T'2-o<7):M-ilSrfiMLia'i= (66 

A.66B) tzmizm.^ti. -'i}<r)^tSimmLMs (66 

A) (4, ^^yU^J' (66Aa) S.t>'jfU7-fX (66Ab) Srfil 
i.TmrS?*:}i-8iS (9) Jc^f-iTJ^ftSOISffiJ: 0 t>Bf^^ 
§«7>eil(=g3PSix. *A:fl!s:fi-o^)-iiS?(liMUaii1¥ (66 

B) (4, y^ll'^ (66Ba) 2atX;tU7^X (66Bb) 

tximm^m^ (id ^oigajtc-e-iX'eiT.Bap^nTv^ 

[003 1 ] iiSaSfflffi^ffl (8) l*l«JSg|5{cJ4, 
<^f*lSP<0}^a]j*S:«R?ILTia:{iJ-r.SS52?4;Kyr (50) 
C«IS2JS.-Kvr (50) C{4IS2D:J'-y 

E't (68) <7)-S*>'^«g$ixTV'>&, c:c;)|^2'J^-y 

(68) im^msmm w <o9\-mzmx/. ^(o^ 

mzi±y yl^^J' (68a ) at/jj- »J 7 ^ X (68b ) *«iI5iJtC 

iEK^fxTfco. ^2 ij^'-vaE'i= (68) coffist4, m 

Ai^mmm^ (64) «7)m43g}^ia3£^S (HEX4) J:Ot> 
iSSfflffi^ffi (8) ffl!tc««l§itTV^I.. 

[0032] mz. ±ii^'^mEmm (&) izn. m2 
i^mmmn (62) tmimmtm'w (65) 
Tv^^. z<om2}^mmmm (62) ^^/u^' (62 

a) , Tj-y^-fX (62b) S.yB2?^a]§IT'$)l.|l2???^ 
fi3<Jt§§ (HEX2) t-fy^m.mzm^^tlXfkhi:mz. y 

(62a) m<^mm^mmm (8) cojissptc, 

is2^?^fi35Mi (HEX2) mcr>-f^i)^immsmWi 

(4) (TjFS-f yj^x^'i^ay^K-hWg^^fLTfc 

lSSfflBE«S» (8) cOh--Art<0}#aS45rm22?$ 
l?ft3cJ©S (HEX2) T'^^aUAcf^tCffiSfflrata (4) <7) 

(65) fi. (65a) tsfU^.^;^ (65b) i:*f 

il5lUCS^$n.TB£-g.ti^tC, (65a) (itfO- 

:t y 7 ;^ (65b ) m<r)-mi , ^m:ti>w, 1 

8& (61) cO>J-U7-fX (61b) i:l^lS}^l!!i^iaS (HEX 

1) t<nwnzim,^nx^-^h, 

[003 3] tfz. ±.m<^i^o^z. mmKim w 

t i^&mEEim ( 8 ) (in 3 m^m^m^ ( hex3 ) 



(6) 1-337201 



tiith^'J'yj^^:^l,i. ms^^msm^ (HEX3) x-i% 

&^ixfzmizi^&mmm (s) izf&x^ti^s,. -tu 
coffiSfflffiBts (4) i)->i^^&ms.mm (&) 

ii. mmimfsmEMm (s) o^r-rj'^f yj/x^^i^g 

>^-httgig?$il-Cm3/^in?*lIl!i§ (63) tc«$ix 

xtio. m&m&mm (4) *^^>iitai$ixjt?^a];fti:^ 
(HEX3) T'j^in^n^f^icjsafflffiiaia (s) <oh-a 
[0034] iMmmms&m <4 > F«j<^isa5(c«. -e 

Ol^ggcoJ^fflrfi^K^ILTtttUf ■I.SSl?**f>-r (45) 

**ieK?ix, c:<55Sii»^yr (45) (.zkmi^^mm 

!S (61) <0-«*<m$ix-CV^|,. icommaijftEISS 
(61) tifSSfflEJSIS (4) O^'l-gBtSl^-, ^(r>^%i.z 
\iy -OV-? (61a) . (61b) m/^l^m^ 

x'hhfui ( HExi ) ii^^ti^fimm^zmsL 

^ixx\^h. tti. zcomi^mm^ (6i) comtait 

i&mmmm (4) cO^-^-^f y^x^'i^ay^tr-hic: 

g?^$*t-cfco, isi^}^3SE«i« (HEXI) -cj^ai^n 
tziAiimmsmm (4) oF-Ai*i'\eti^$fxs. 

[0035] ±tBmi J$ai?*iaS8 (61) iZli. mi 'J ^ 
-Vffi-i^ (67) tfiW^^tlX^-^h. Zcomi 
m (67) \t. ?f'J y'-fX (67b) 

if^i^^mmm (6i) (Tj^^yp^' (6ia) t^rD^-f 

X (61b) i: folate, fl!l4S*<Sg2Jfta«4llH» (62) cO® 
2^?^fa^«§g (HEX2) J; 0 tiSSfflffi^ (8) iiltC 

[00 36] t.fZ. ±i2mi?^ai?ftigK (61) Cfc{t«. 

miJiTKyr (45) i:7-f/P:?' (61a) t coraiaiffi:*] 

X-f yf- (PS) *<S^§it-CV%S. vlCOffi^JX-Y -y^ 

(PS) ^\}^mmn (6i) i*i<?)E:')**Eir^<aJ':iT 

s) \,zim.^txx\^h. 
[00 37] -mmm- 

^immz\%^'^w^ (Ref ) <nmmamz'i>\^xwL 

Bfl-rSi:, 'sU'^AE'g (40) ^.zm'i hftfzmm (4 
1) Ct5V%TJflift:'^U'^A*^^b. KJ^aiSS (41) 
«llj!$-li:TiiIMt/cmJ^fflft (70) imi&^^'^fih, 
tfc. ±ffi?$aiSB (41) I^T«l^*l,;^C'>.'J'!'A;«rxJi, 

i^msL (Ref) <7)^$^sEIllK^c«*&$i^, -ei-cBEifisat^ 

vyM.mm (40) srm-c, (4i) i>zm^. 

zcrtztizx-yx, mi^mi (70) ^^tx^m^ti 

[0038] ±fe?#«« (Ref) <ommi,z-:>\,^x^^iz 
mv<mmt^ii, tkstm&mm (4) izx^^vrfM. 

:^:^f]^s.m^ixx^NmtmzDtiii-^ix. z<r)mmmE 

im (4) i)-t>oitii$tifc^V'yM.:^::^im&mESm 



(8) izm^\$tixs.m^ix. ^<^^mmm^m m 
(ottas^ixTtiSEco'v. y A;<f;:^»±Birajftt»-ais (9 ) 
\>^xn*)m^ to^^airftS: -enm^^Ji? n-^tt^, -eco 

-8?*<^}ftia (22) (|g5g«a) tC«*&§*lTS[^?&W 

(22) CJ3tt^>i^'J>':5^ (24) [*l<50#i^5S^llT'P5g 

::<5D;</'x<oD5Stc{*^ia^KTtc<J:'5SSl t-h;^ 
T-i'3>' (29) jm^aSK/WC. ^!t»2b-h 
X-f-v-H > (30) *^mi t-hXx-i'a y (29) i 

^ijm\^iS,^v^Mziix^fV^n^tih. W^m: 
W^\^t:^^)^J^if}X\tmm:3.-~;V (1) icMO, 
^«0>t'^Effi'i= (7) iimLX^fStmESm (8) C« 

[ 0 0 3 9 ] , EaS«:2.- -y h ( 1 ) k:l3tt-&lSS 

fflff^^ (8) *^<^ttm;?fL:r>:;^EOA.y'>A;?yx<7)^ 
gi5(i±iej-Tffli«Eid'i= (15) <7)mmo# (VI) i 

mmLXJ-rm, (31) <OlllJ-Tf?63£^ (32) 

ni'd:mi,zx'o . ^zx'^msmm w m'\.M-o 

2 m&(r>i&,m.^ 0 ilTSia 3 0 0 K 

*-<i.*!)5 0Ki-CJ$a]§<X. -eof^, ±IB^?^ (22) 
iOmih-hXT^-i^ay (29) i'f-jg^T)!!! ^}^§§ (3 
6) tcAoT^ipCJ^jaiSixS. ^«0?^ffl$ir/>:;<fX{i 
»2 J-Tfai3E»S (33) (?Dl»:{M(CAoT, |3|«RK:2 

ysrffliic^ffiff'su '^h.ii7.h<m3m,z^ 1 5 k^t- 

J^inSitJtf^. iF-J^ia (22) «SS2t-hXr-i'3>- 
(30) i'[.jg<JDJg2^}ftS (37) {=A-7rS^.tC}^a]$*t 

z<7:>m. 7ffxiit^3 J -rm^^m^ (34) <7)ii*:(il 
(cAo T 2 iXffllcO&E'v'J A^'X t cOf^jSmc J: 0 S 
^t=?ft*PSit. L*>Sf*tcJ-T# (38) (CMS. Zi<r> 
J-T# (38) •C1ilSffi'^U'>A;^X{iiKJ/i,ilTi^'i- 

0. ci^om^^U'^Att'^'J'^AiB't (40) a^^^msii 
(41) '\«*&$ix, ?^in^ (41) p^xm^Lxmi^mm 

(70) S:?^aJ-ri.. ^7t. <fe^SB (41) f^X-m^Lt.:^ 
'J'>A;<yx{±. 'sU'^Affi® (40) ir-ftLxmS J -T 
m^i^^ (34) <7)2yi:IS!l(C(RA$^T., m2Rl>'^lJ- 
Tfi32^S ( 33, 32 ) 2 MilSrS* LTffiSfflffi^ 

» (4) nzm^jhttixsm^tih, 

[0040] «?OT, *|E6B.Be5!^SSt-ri.?filHlSS{-fcft 
[0041] ±IEfIS?*:»Bi« (9) xmtR^tiXt!!^ 

m^m^ (9) mzmmtx^-^h^mmi, ^<r>-m a 
mmmm^ (9) oj!sa5*><i>ii4?^fi]j4iiis5 (64) 
srm, m^mi^m^^m^ (hex4) r'j^as/xjtatcis 

SfflEi^^ (8) coFS^yi^xi^i^3yri^-hi}-t^& 

mm<r>smm'pi,zw^-ti,, ^lx. zcozmmizi^x 
btzi%&mit. is^mmm (8) -cEffiSiucssEo 

m^ilfcmiz. MSffl^SiS (9) T"s'J'>A;<^Xfc^ 



(7) 1-3 372 0 1 



(9) i}-ii>^fmBam w (nps^yi^^-^i^syr^ 
mmm^ w nu<r>^£-niin'^mmsm (s) contttj 

isim.ms.mm (s) (r>m.xs.-y} (msy%iM )X'S>^t: 

lib. Z tfOff^jMlc i oT}$aij4*iffiitl> . 
[004 2] ^its ±^WJ:3CiSl^fflffiHS«l (8) «0 

^. Zcofzib, Zcom&t'Olzm.ti^S.t.'RS. L2 COJ^ 
aiMSr. m2}ft.-J?i^r (50) lCj;-^Tm2 'J^'-VEI' 

(68) i}^t^m4i^mms&^tmLx-mmmimm (s) 
[0043] isin^mEmm (s) tci?eLTv^4.}$ 
*-A>ii2?^a]aiH]5s (62) ^mn. m2^<^mcm^ 

(HEX2) T'}^«ISil/imtCffiSfflffi^ffil (4) cOFS-< 

-I., ^com. mf^msmm (s) (4) 
ajjio^ms. 0*0, ^sfflBESSfii (s) 

gPcr)ff:^li^KSffliE«lfiS (4) <7)i)itHE^J (*<;8l<gf/c 

ma-i- iEmm<7)sm&^cosf}in&mmEBm (4) 
<r>^X&:n (1^0. ikgf/craM X'hhfzib. Z(7)E:h 
mi,zxr,x^mmti^mixh. ^tx. zcosmmiz^^ 
Lfci^miini. i&msmL (4) xms^tititi'^E 

^tlcu±tlJ§iX-cm3?ft»?4lHlSS (63) ^tm^i>. 
[0044] l9K?4t«-«l« (9) ICS'S LT 1^1. 

?^ifl?*co-gB{i^iiS^jEtiHLiet (66A) tfc. 
I2l3^^{i^^$^^^^*^ f^P5?itl^ffll^ (11) F^cOJ^fflfflJi 
^mmtWl^ (66B) SrgiEn, p*S:-g-*j-&/::a F2 
(0}^mm^^2mm.Lm'S (66) *^4>l^2r^ai?ft[US8 

(62) ^w-^ss-rs. -e-cof^, issfflffiiSfii (4) a-^,* 

aiLn:}^aJi4fcpff*}J-BtS (9.11) *>4><7)}#ai}|liS:^i? 

•e/cj^aij* B+F2 *^ f^3^}%mcm^ (hex3) -cj^a 
(8) <o=^-:!f^y>'x9>-3y^-hX'oismmEm 

m. (8) «OK--£.f^t?SA-r«.. Vi^' 
(8) «Offiffi«a*-:J'(C«tif|i§*x-CEilt«l^-^'S:J^ai 

mizmm^tis,. 

[0045] *Jt, issfflffii^ta (8) (om^tmm 

iz. i&^mmm (4) cr)S.mmi.zm.?^Lfzi%mmco- 



^rcOfftSI; 'OlzmtitzM.tnM. Ll <7)?^ffl?ftJ4, f^5*^ 
«.J:a{c;ISlifr-K>'7' (45) izXr>xmi Vi'-yR'S 

(67) *>A.II2?$ffl}*llI8S (62) 'SfcMS. 

[0046] ±te<£SafflEffiia (4) ^:l^V^T^i. 
?ftvS* C+Ll ^il^lffl^fyr (45) TIfL 

Hi^iiT, mmai«l3K (61) Sroi&h.^.. Z(Oo*><^ 
-mcoi^mm Ll (4, mi U^-yE-t (67) 'Vi^lIS 
UXm, IS2J#a]jftl5I8& (62) ^tm^tlh. 

■^fmmm (s) <r)Y-AHzw&^titti^m\<r>- 

U Fl {4, mfflMLSei' (65) Srm-C. Iimffl?* 

HISS (61) Sraasjftffl?* c t-^sE-r*. -etr. 

8i[L/^^<!0?#i8]?* C+Fl *<mi2?§^JSSJ«« (HEXl) t' 
}%ai§<XJtf*(=, <£SfflEEi^« (4) <7)^-^Ay'Jx 

yiir^- h J; 0 Y-J^f\^z^x\^xmm^-9^z 

m^^ft. z<nmm^~-9i:^^n\^timizmmmsi 
« (4) <7)K-Ajisgp{cfifeL, ^<m.. m^\^ffm 
m^zmm^fih. 

[0047] ±iaE:^j;^'f -yf- (PS) cOSftf^Cov^TlJi 

m-ht. z<r>w.-hx-i (PS) {4111 j^aifflniss 
(61) n<r)i£:nms\%m:xf''Z<ikythhm^\.. 

^^■hth, oiO, 04 triple, (Saffl£EiiS« 

(4) oK-Art:cw^fLTv»^?^a]?*fi*^'+t«'ib'> 
Tiftffiiss mmmxisizm^^ fxx \ ^h^^\,z\i. w. 
1 wr^yr ( 45 ) <?5iitajE^U4— ^ lt t . 

LT, (SSmra^ (4) <7)H-Art{cB?®$iiTV^|> 
mi?ft;Ki^r (45) 5«r«?ftaiJ4Sr?aAT'#^:<^r 

^/ca^, iii?*jf^yr (45) <m.^w.-n\i%mzw&^ 
h. lit-^x. mimiPyr (45) <7>ttaijE^j, ip^.iii 
j^a^iniK (61) l*^<off^)*^«^iWT^=^KTL)tJ^ 
(4, immsmm (4) t=ffi'@$n.Tv^s?^a]?**<«ii'- 

LTv^|,i:«Bli-C#i.Jt:a6. -yf- (PS) <?3l±i:>j 

izxmtix&mwtcr>4mw±mmmmi¥i^nhti 

[0048] 1 CO^^- 

^mmmmnzxixii, mmmmmm (s) ti-(,m2^ 
mii^^ (62) Srm-ciasfflffiiiiiis (4) <?)Fs-f y 

i^'xi^i^H h^i:«l&$ixSJftai?6t4, ffiKfflffi 
i^m (4) i}^h'i>mS.<^V^J^/f:^tmzatth^iiX 

ismsmm (8) OT*-5''f ^'i^x^i^gy^-h'^ 

tMS. ZCOr^ib, m2?ftfflfS[s]88 (62) $r?m&J^iD 

?ft<7>fi{4j#^« (Ref ) cr>Mmm^(r>^itiz^mEm 
m (4.8) <0F-i*rtE«^i6{cfieo-csajrrsc:i:t 

^i.*^, CC0?^ffl?4l4flSSffliI^1S (4) coH-A|*){= 
B?e$<x«.it=5r<iSafflJEi^il (8) l,zM^tii>Zt 

htsih. zcfm^. j^^sfis (Ref) <mwm.<m.mz 

tfoTMEM (4.8) «K-A|*iE«>'S^ilj-rSJ^^l:: 



(8) 
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(4) cr>mmt:V^lzn^:itti^X'^h. 

[004 9] tt:. mn:^^ yf- (PS) kz^-^X^l^ 

mm^ (61) ^(r)m}ii^^'fh:iti,zX'ox. \m 
mmmL (4) <nv-M.mzti{i^^mm.(n)mf^m^>>z 
mcfhztifixt. immmm (4) <mmt:v& 
mizm<'zktfiT^?>. 

mi 1 ^^M(omi(mmi,z^&i^mm(osmmj-- 
CI12 1 :^mmmm(mmi,zis>?><^^m<7)i^m.m::j.- 
CHS ] :^^mcomm<r>mmi,zi^i>smm:^~-v 

X'hh. 



[114] ffii^«StfOK-Arttc:»®$til)?^inj*<?)j4Bl« 



(4) 
(8) 
(45) 
(61) 
(62) 
(63) 
(Ref) 

( HEXl ) |g 1 S?ftfa35^SS ( ^ 1 <^Sm ) 
(HEX2) |?2S?^|»^lfi» (|g2?^aiS) 
(HEX3) l?32g?^^3£mS (SSSJ^aiH) 

(PS) BU:^-^ -yi-. m&mta^^ 



mi] 



Rot 




61b fl^ 

61a S 
{ 61 45 



[114] 




(9) 




